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Abstract 
Geometry is a basic skill to be mastered. It is important in architecture and design, in engineering and in various aspects of 
construction work. However, in Malaysian education system, the process of teaching and learning geometry does not reflect 
its importance. The process does not emphasise the thinking skills, whereas the mathematics syllabus clearly states that 
thinking systematically, accurately, thoroughly, diligently and with confidence, should be infused throughout the teaching and 
learning process. Therefore, the aim of this study was to test the ef
-experiment 
involved two groups of students; treatment and control group. The students in treatmen
Transformation topics through the , while the students in control group learned 
the same topic conventionally. Before the study started, five students from each group were randomly selected to be 
interviewed to determine their initial levels of geometric thinking. The experiment took place for six weeks. At the end of the 
study, the same students in both groups who had been selected earlier were interviewed for the second round to analyse their 
final levels of geometric thinking. The results found that in their initial levels of geometric thinking, the majority of students 
in both groups obtained the first Van Hiele levels with complete acquisition. However, almost all students in both groups 
showed a low acquisition of level 2 and no acquisition of level 3. In the post interview, most of the students in control group 
showed an increment of geometric thinking that is from level 1 to level 2, but no one in this group achieved level 3. In 
contrast, all students in the treatment group showed a complete acquisition of Van Hiele level 1 and almost all of them 
indicated a complete acquistion of level 2. As for level 3, only one student did not achieve that level, whereas the rest showed 
a complete and high level of acquisition. Therefore, it can be concluded that the implementation of activities based on the Van 
Hiele phases of learning geometry have a positive impact on the development of higher levels of geometric thinking. 
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1. Introduction 
 
Geometry is an important branch of mathematics and it has been identified as a basic mathematical skill [1-3]. 
According to Sherard [4] and Hong [2], geometry is important for students as it is also applied in other branches 
of mathematics. For instance, geometry is applied in other subjects such as engineering drawing, geometry 
drawing and so on. There are basically two objectives of geometry learning, which are to develop logical 
thinking skill and to develop spatial intuitions that refer to how one views space and area in real world [5]. 
NCTM [3] has outlined four main objectives of geometry teaching and learning in which the session starts as 
early as preschool level up to grade 12. The objectives are to allow students to 1) analyse characteristics and 
properties of two- and three-dimensional geometric shapes and develop mathematical arguments about geometric 
relationships, 2) specify locations and describe spatial relationships using coordinate geometry and other 
representational systems, 3) apply transformations and use symmetry to analyse mathematical situations, and 4) 
use visualisation spatial reasoning, and geometric modelling to solve problems. According to PPK [6], geometry 
is an important component in the secondary school mathematics curriculum. Knowledge and skills in this area 
and their application to related topics are useful in everyday life. Improving understanding in this area helps 
pupils to solve problems in geometry effectively. At the same time, pupils can also improve their visual skills and 
appreciate the aesthetic value of shapes and space. Therefore, geometry and spatial skill are interconnected. 
Spatial skill has a strong relationship with engineering, vocational, and occupational domains [7-9]. 
According to McGee [10] as cited by Mohd Safarin and Muhammad Sukri [11]
and intelligence. Spatial ability is also among the important abilities in subjects related to engineering such as 
Engineering Drawing and Civil Engineering. Among the concepts taught in one of the Form Four Engineering 
Drawing subjects named Geometric Drawing of Tangents are: Tangents, Ellipse, and Parabola; Polygons; 
Triangles, Quadrilaterals, Angles; and Circles. For Geometric Drawing of Blocks, it covers the isometric 
concepts of Oblique, Auxiliary View, and Orthographics [12]. In fact, almost all the concepts in Engineering 
Drawing are learnt by students as geometry topics in the mathematics curriculum. In the Malaysian education 
system, students are exposed formally to the geometry concepts for two- and three-dimensional shapes as early as 
in their Year One in the topic of Two- and Three-Dimensional Shapes [13]. At this stage, students are introduced 
to various two- and three-dimensional geometry shapes and the relationship between them. The introduction to 
these geometry-related topics is emphasised even more in the syllabus when the students are at the secondary 
school level and this is evident as 42% of the 60 topics in the Integrated Curriculum for Secondary School 
(KSBM) of Mathematics from Form One until Form Five consist of geometry topics [14]. 
However, the current teaching and learning practice in classroom does not reflect the importance of geometry 
in lives of students, and the emphasis that is supposed to be given to geometry topics in mathematics curriculum. 
Teacher teaching practice is still bound to the traditional approach that is teacher-centred [15-18]. According to 
Wan Mohd Rani [19], in terms of teachers teaching practice and attitude, more often teachers who teach 
mathematics use the blackboard to explain certain theorems, definitions, and concepts, and to show the solutions 
for the related problems [20]. Students are commonly fed methods and algorithms, which are then memorised 
without they actually understand the concepts [21]. Geometry learning should emphasise hands-on and mind-on 
approaches [22]. 
conducted in 1999, 2003, and 2007 [15-17]. From the published reports, we can see similar trends. In the study 
conducted in 1999, majority of the students stated that a lot of time is consumed in mathematics class listening to 
the concepts explained by the teacher [15]. In the study conducted in 2003, the highest percentage of time taken 
by the students in mathematics class within a week was for listening to the lecture delivered by the teacher and 
for solving mathematical problems with guide from the teachers. These were followed by solving mathematical 
problems without the guidance from the teacher and revising the homework given [16]. In the study conducted in 
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2007, the highest percentage of time taken by the students in mathematics class was for listening to the lecture 
delivered by the teacher, which scored 22% and was followed by solving mathematical problems with the guide 
from the teacher, which scored 18%, and finally there was the discussion of mathematical problems with 
guidance from the teacher and the solving mathematical problems without the guidance, which both scored the 
same percentage, 13% [17]. In TIMSS 2007 report [17], the percentage of Form Two students in Malaysia stating 
that they memorised formulae and procedures as an activity that consumed half or more of the time in 
mathematics class was as high as 69%. This was followed by explaining the answers (61%), relating the subjects 
learnt with daily life (55%), solving the problems on their own (48%), and identifying procedures to solve 
complex problems (36%). Furthermore, the percentages of students memorising the formulae and procedures, 
applying facts, concepts, and procedures to solve routine questions, and explaining answers, as reported by the 
teacher, were high compared to other activities, which are 58%, 65%, and 75%, respectively. 
y TIMSS that were 
conducted in 1999, 2003, and 2007 [15-17]. From the published reports, we can see similar trends. In the study 
conducted in 1999, majority of the students stated that a lot of time is consumed in mathematics class listening to 
the concepts explained by the teacher [15]. In the study conducted in 2003, the highest percentage of time taken 
by the students in mathematics class within a week was for listening to the lecture delivered by the teacher and 
for solving mathematical problems with guide from the teachers. These were followed by solving mathematical 
problems without the guidance from the teacher and revising the homework given [16]. In the study conducted in 
2007, the highest percentage of time taken by the students in mathematics class was for listening to the lecture 
delivered by the teacher, which scored 22% and was followed by solving mathematical problems with the guide 
from the teacher, which scored 18%, and finally there was the discussion of mathematical problems with 
guidance from the teacher and the solving mathematical problems without the guidance, which both scored the 
same percentage, 13% [17]. In TIMSS 2007 report [17], the percentage of Form Two students in Malaysia stating 
that they memorised formulae and procedures as an activity that consumed half or more of the time in 
mathematics class was as high as 69%. This was followed by explaining the answers (61%), relating the subjects 
learnt with daily life (55%), solving the problems on their own (48%), and identifying procedures to solve 
complex problems (36%). Furthermore, the percentages of students memorising the formulae and procedures, 
applying facts, concepts, and procedures to solve routine questions, and explaining answers, as reported by the 
teacher, were high compared to other activities, which are 58%, 65%, and 75%, respectively. 
2. -Based Learning  
In the field of geometry, the best and most well-defined model for student levels of thinking is based Van 
[23,24]. The levels are visualisation, analysis, informal deduction, formal deduction, and rigor. 
geometric shapes. The second level in the model is known as analysis level where students are able to identify the 
properties of certain shapes. The third level in the model is informal deduction where students are able to 
comprehend the relation between shapes and create the relationships. The fourth level in the model is formal 
deduction. At this level, students can appreciate the meaning and importance of deduction and the role of 
come to understand how to work in an axiomatic system. They are able to make more abstract deductions. 
which is informal deduction [25-28]. 
However, the geometry learning method that is done through memorisation and recall, and that is teacher-
centred cannot help students to enhance their level of geometric thinking [29]. This is in line with Abdul Halim 
dan Mohini [30] who states that the traditional geometry learning method does not encourage students to use 
their reasoning, which consequently makes it difficult for them to achieve the higher levels of geometric thinking 
as proposed by Van Hiele. Furthermore, according to Noraini [31], Van Hiele contends that by using the 
traditional approach, level of geometric thinking of secondary school students will not be at the desired level. The 
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findings in the study by Usiskin [27] revealed that 70% of students who have graduated from their school were in 
the first, second, and third levels of geometric thinking; these were not at the desired levels, which were the 
fourth and the fifth. Usiskin [27] 
curriculum but with their level of geometric thinking being only up to that of primary school students. According 
to Van de Walle [32], studying without understanding such as learning through memorisation and memorising 
the algorithms of routine questions does not count as achieving any o
thinking. 
There are some studies in Malaysia that found that the levels of geometric thinking among secondary school 
students are still at low levels. Chong [33] identified the levels of geometric thinking among Form Two students 
after they have learned the Circles topic using the traditional approach. His study has found that most of the 
[34] 
has conducted a study to identify the levels of geometric thinking of 268 Form 1, 3, and 4 students from a 
secondary school. Overall, she found that the student levels of geometric thinking were low, at the first level, and 
this achievement is not commensurate with the period spent on learning mathematics. Tay [35] has studied Form 
One student levels of geometric thinking after they were exposed with the topics using the traditional approach. 
st level of geometric thinking. 
Also, Hong [2] 
study also aimed at evaluating student achievement in writing geometry proofs. The study found that the majority 
of 
students were at the third level. Next, Razananahidah [36] has conducted a qualitative study to identify the Van 
g of Form Two students based on the results of their work and their 
explanation after they had finished solving problems related to triangles and quadrilaterals. From the four 
sampled respondents, it was found that two of the respondents were identified as being at the first level while the 
 
vel of geometric thinking to a higher level. These learning phases can assist students in 
learning geometry and, with help from teachers, they will be able to discuss certain concepts and develop a more 
technical use of language [37]. The approach used in these five phases provides a structured lesson. Based on 
Crowley [38], the explanation of each phase is summarised in Table 1. 
 
 
 
Phase Activity 
Information The interaction between teacher and student through 
discussion is emphasised. 
Guided Orientation Student makes discoveries using guided activity. 
Explicitation Student can explain and express their views about the 
observed structure. 
Free Orientation Student can explain more complex tasks. 
Integration Student summarises the lesson learnt for the purpose of 
establishing a new overall view. 
Source: Crowley [38] 
 
According to Chew [39] and Choi-Koh [40], students must go through all the five phases in order to achieve 
ic thinking. In other words, students must go through the information, 
guided orientation, explicitation, free orientation, and integration phases to advance from the first level to the 
second level, and then they have to go through the same phases to advance to the next stages. In this study, as 
shown in Figure 1, students have had to go through the phases twice to advance from first level to the second 
t previous 
geometric thinking, which is informal deduction [27,28]
which included the Translation Concept, Reflection and Rotation, and Quadrilateral subtopics.  
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3. Objectives of the Study 
study strives to improve the teaching and learning process of geometry topics. This study specifically aims at 
at the level of geometric thinking of Form Two students. 
 
 
 
 
Fig. 1. Phases of Learning Geometry 
4. Methodology of the Study 
A quasi-experimental non-equivalent pretest-posttest control group design was used in this study. Ninety-four 
Form Two students were involved in this study, and they were divided into two groups, namely the control group 
medium. On the other hand, the control group learned the same topic using conventional methods. Ten students 
consisting of 5 students from each group were randomly chosen to be interviewed to identify their initial level of 
geometric thinking. The teaching and learning process was done within six weeks. After the teaching and 
learning process ended, the ten students were interviewed again to identify their final level of geometric thinking.  
Data collection in this study was done using an interview method. This qualitative method was conducted to 
interview method has been demonstrated by many researchers to be the most effective method to determine the 
level of geometric thinking, as it provides in-depth information about how the students think compared 
to other methods [35,41]. According to Atebe [42], the interview method is used to identify the levels of 
geometric thinking, as tests using pen and paper can not provide sufficient information about their levels. By 
using an interview method, the students have an opportunity to express their thoughts interactively during the 
interview sessions. Furthermore, according to Dindyal [43], the combination of quantitative and qualitative 
methods such that in interview can provide more accurate information about the level of geometric thinking. 
Other than that, by using the interview method, researchers can compare the answers given by the students on the 
same tasks [44]. The items used in the interview were those found in Van Hiele Geometry Test (VHGT), which 
was developed in a study by Usiskin [27]. The researcher has obtained permission from the developer to use the 
instrument. The Malay version of the items were obtained from a study by Tay [35]. However, the researcher 
only used the items from the first level to the third level, as many previous studies have shown that secondary 
inking. The distribution of the 
interview items is as shown in Table 2. 
 
Level 1 Level 2 
Second learning session 
Information 
Guided Orientation 
Explicitation 
Free Orientation 
Integration 
Information 
Guided Orientation 
Explicitation 
Free Orientation 
Integration 
First learning session 
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Table 2. Distribution of the interview items 
    
Item Level of question 
1 Level 1- visualisation 
2 Level 1- visualisation 
3 Level 2 - analysis 
4 Level 2 - analysis 
5 Level 3- informal deduction 
6 Level 1- visualisation 
7 Level 1- visualisation 
8 Level 2 - analysis 
9 Level 2 - analysis 
10 Level 3- informal deduction 
 
To identify the degree and level of geometric thinking of the students involved in this study, the researcher 
used the method proposed by Gutierrez [41]. The pre- and post-interviews from the students were transcribed 
first. Based on the answers given in the interviews, their level of geometric thinking was determined and the 
vectors were assigned based on the description shown in Appendix A. As proposed by Gutierrez [41], answers 
from the students who were at transition level, which is the level between two levels, were determined as being 
higher level. This was because those answers indicated that the students, to a certain degree of acquisition, came 
very close to achieving that particular higher level. Next, referring to Appendix B, each answer was assigned to 
one of the eight types of answers, depending on the mathematical accuracy and complete degree of reasoning. 
Finally, the degree of acquisition for a given level that was obtained by the students was determined by a vector 
quantity (level, type) suitable for all the items answered at that particular level.  
After the suitable vector quantity (level, type) for all the items answered in that particular level had been 
level and for each student based in the weight value assigned to each type of answer. The weight values are 
acquisition value was determined based on Figure 2. 
 
 
 
 
 
 
 
Fig. 2. Degrees of acquisition of a Van Hiele level 
 
5. Data Analysis 
As mentioned earlier, ten students were randomly selected from each groups, with five students from both the 
control group and the treatment group. The profiles of the students are shown in Table 3.  
 
 
 
 
 
 
 
 
 
No acquisition Low acquisition Intermediate 
acquisition 
High acquisition Complete 
acquisition 
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Student Group Gender 
A control female 
B control male 
C control male 
D control female 
E control male 
F treatment male 
G treatment male 
H treatment female 
I treatment female 
J treatment female 
 
In this study, the researcher has only presented the answers given by Student A in the pre-interview and the 
answers given by Student F in the post-interview. As shown in Table 3, Student A was in the control group, 
while Student F was in the treatment group. For the first item, which represented the first level item, which is 
visualisation, the students were instructed to draw a rectangle. Student A managed to draw the rectangle by 
identifying the example of quadrilateral figure from its overall shape. The researcher assigned (1, 7) vector to the 
g. 
 
 
Fig. 3. Rectangle drawn by Student A 
 
The student also managed to complete item four, which was a second level item, which required the student to 
sides are 
parallel
external appearance. According to Cheang [45], the properties of parallelogram include two pairs of sides that are 
opposite and parallel to each other, the opposite sides of the parallelogram are same, the diagonals of the 
parallelogram are same and they bisect each other, and the opposite angles of the parallelogram are also same. 
Therefore, the researcher assigned (2, 4) and (1, 7) vectors for the answer. Next, item 5 required the student to 
determine whether a rectangle was a parallelogram. The student answered  as to her both shapes were 
different. Therefore, for that answer, the researcher assigned (0, 0), (0, 0) and (1, 7) vectors as the student could 
only differentiate the shapes without giving the reasons for rectangle being a special type of parallelogram. The 
student only managed to answer the difference in terms of general shape. Table 4 shows the weights for each of 
the items answered by her. The means for first level, second level, and third level of geometric thinking were 
calculated before the degree of acquisition of her level of geometric thinking was determined. 
 
Table 4. Weights for the pre-level of geometric thinking of Student A 
 
Level 1 2 3 4 5 6 7 8 9 10 Mean Degree 
one 100 100 100 100 100 100 100 100 100 100 100 Complete 
two  - - 50 50 0 - - 50 50 0 33 Low 
three - - - - 0 - - - - 0 0 not available 
 
 
Next, the sample of interview answers given by Student F in th
level of geometric thinking is discussed. For item one, which was the first level item, he managed to draw the 
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figure of a rectangle. Therefore, a (1, 7) vector was assigned to him for item one as he was able to draw a 
 
 
 
 
Fig. 4. Rectangle drawn by Student F 
 
Item two represents a second level item. The item requires the student to explain the properties of a rectangle. 
Student F managed to explain the properties of a rectangle as much detail as possible. For the answers, (1, 7) and 
(2, 7) vectors were assigned to him. for a rectangle, all its interior angles are 90°. Its 
opposite sides are parallel. Its opposite sides also have the same length. Its diagonal lines also have the same 
length. The sum of angles is 360°. I think those are pretty much like that In item five, which represented the 
third level of geometric thinking, informal deduction, the student was asked whether rectangle was a 
I agree Some of the properties of a 
rectangle can be found in a parallelogram. In terms of the bisection of diagonal lines, the opposite lines have the 
same length, the opposite sides are also same
The means for first level, second level, and third level of geometric thinking were calculated before the degree of 
his acquisition level of geometric thinking was determined. 
 
Table 5. Weight for the final level of geometric thinking of Student F 
 
Level 1 2 3 4 5 6 7 8 9 10 Mean Degree 
one 100 100 100 100 100 100 100 100 100 100 100 Complete 
two - - 100 80 100 - - 100 100 100 97 Complete 
three - - - - 100 - - - - 100 100 Complete 
 
Table 6 summarises the initial level of geometric thinking of the control group and the treatment group. The 
table shows that student A and B attained a complete acquisition on the visualisation level. However, they 
showed low acquisition on the analysis level, and they did not reach the informal deduction level. Student C 
attained an intermediate acquisition level for the first level, low level for the second level and did not score on the 
third level. Student D showed complete acquisition of the first level, an intermediate acquisition level for the 
second  and did not score on the third. Student E attained a high acquisition rating for the first level, a low rating 
for second level and did not reach the third level. For the students in the treatment group, it was found that four 
students, namely Student F, G, H, and I, showed complete acquisition of visualisation level. Student J showed a 
high acquisition on the first level, while Student F showed a low acquisition on the analysis level. As for Student 
F, G, H and J, they were low on the analysis level, and they did not reach the informal deduction level. However, 
Student I managed to show an intermediate acquisition rating at the second level and a high acquisition rating at 
the third. 
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Table 6. Initial levels of geometric thinking for control and treatment groups 
 
Control 
group 
Level of 
geometric 
thinking 
No acquisition Low 
acquisition 
Intermediate 
acquisition 
High 
acquisition 
Complete 
acquisition 
 
Student A 
1      
2      
3      
 
Student B 
1      
2      
3      
 
Student C 
1      
2      
3      
 
Student D 
1      
2      
3      
 
Student E 
1      
2      
3      
Treatment 
Group 
Level of 
geometric 
thinking 
No acquisition Low 
acquisition 
Intermediate 
acquisition 
High 
acquisition 
Complete 
acquisition 
 
Student F 
1      
2      
3      
 
Student G 
1      
2      
3      
 
Student H 
1      
2      
3      
 
Student I 
1      
2      
3      
 
Student J 
1      
2      
3      
 
                              
 
 
 
 
 
3 1 2 1 2 3 
Fig. 5. Scatter plot for the degree of acquisition of the 
initial geometric thinking level for the students in 
control group  
Fig. 6. Scatter plot for the degree of acquisition of the 
initial geometric thinking level for the students in 
treatment group       
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Based on Figures 5 and 6 above, it can be seen that both groups are balanced for the acquisition of geometric 
thinking. The majority of the students attained a complete acquisition of the first level of geometric thinking, 
which is visualisation. Almost all the students in both groups showed a low acquisition of second level, while 
almost all failed to reach the third level of informal deduction. 
Table 7 summarises the final level of geometric thinking of the students in both the control group and 
treatment groups. As shown in the table, almost all the students, namely Student B, C, D, and E, attained a high 
acquisition for first level thinking, with only Student A attaining complete acquisition of first level. Student A, B, 
C, and D showed an intermediate acquisition for second level. One student showed a high acquisition rating for 
second level. However, none of the students in the control group scored on the third level. For the students in 
treatment group, Student F, I and J managed to reach the three levels of visualisation, analysis and informal 
deduction. Student G showed a complete acquisition of first level, an intermediate acquisition of second level, 
and did not each the third level. Student H managed to attain a complete acquisition of first level, and a level high 
acquisition for the second and third level of geometric thinking. 
 
Table 7. Final levels of geometric thinking for control group and treatment group 
 
Control 
group 
Level of 
geometric 
thinking 
No acquisition Low 
acquisition 
Intermediate 
acquisition 
High 
acquisition 
Complete 
acquisition 
Student A 1      
2      
3      
Student B 1      
2      
3      
Student C 1      
2      
3      
Student D 1      
2      
3      
Student E 1      
2      
3      
Treatment 
group 
Level of 
geometric 
thinking 
No acquisition Low 
acquisition 
Intermediate 
acquisition 
High 
acquisition 
Complete 
acquisition 
Student F 1      
2      
3      
Student G 1      
2      
3      
Student H 1      
2      
3      
Student I 1      
2      
3      
Student J 1      
2      
3      
 
Based on Figure 7 and 8, it can be seen that there is a significant difference in the final levels of geometric 
thinking between the two groups. Students in the control group showed improvement in the first and second 
levels, although there were two students who showed degradation from a complete acquisition after first level. 
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However, all the students showed improvement in the second, analysis level, at which they improved from a low 
and an intermediate acquisition level to an intermediate and a high acquisition level. None of the students in the 
control group attained the third level, which is informal deduction. On the other hand, the students in the 
treatment group showed improvement for all the three levels, with all of them attaining complete acquisition of 
visualisation level. One student attained an intermediate acquisition, while another one scored a high acquisition 
                            
 
 
 
 
 
of second level. Three other students attained a complete second level. As for the third level, only one student did 
not manage to score that particular level. The rest of the students managed to attain a complete and a high 
acquisition rate for the third level of geometric thinking. 
6. Discussion and Conclusion 
From the analysis, it has been foun
first level of geometric thinking, which is visualisation, as their initial level of geometric thinking. This finding is 
parallel with the the finding obtained in the study conducted by Chong [33] and Noraini [31] who find that 
majority of the students achieved the visualisation level of geometric thinking before intervention was 
introduced. This was highly probable because the visualisation level is the most basic level and does not involve 
the argumentative ability in students but is more about their perspective [46]. At this level, students recognise and 
identify certain geometric shapes based on the overall entity of the objects [31,38,47]. This can be with the 
assistance of the lesson about the essentials of shapes, which the students have been exposed to in primary school 
[13]
geometric thinking in both the control and treatment groups. This means that the students in both control and 
treament groups showed improvement in their levels of geometric thinking after the teaching and learning 
process. However, after further in-depth analysis, it was also found that majority of the students in control group 
can only improve their level of geometric thinking from the first level, visualisation to the second level of 
geometric thinking, analysis. On the other hand, students in the treatment group showed improvement from the 
first level of geometric thinking to the second level of geometric thinking, and some of the students even showed 
improvement from the first level of geometric thinking to the third level of geometric thinking, informal 
deduction. 
These findings substantiate 
geometry using the GSP software play an important role in assisting students to advance to a higher level. These 
phases include information, guided orientation, explicitation, free orientation, and integration. The findings of 
this study are in accordance with previous studies that were conducted by [29,35,39,48,49,50]. This study has 
also found that improvement from one level of geometric thinking to a higher level of geometric thinking 
3 2 1 
3 2 1 
Fig.7. Scatter plot for the degree of acquisition of the 
final geometric thinking level for the students in control 
group 
Fig.8. Scatter plot for the degree of acquisition of the 
final geometric thinking level for the students in 
treatment group  
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depends on the lesson taken by the students and not on their maturity [51]. Therefore, the method and learning 
organisation and also the contents and teaching aids used are the important elements of the pedagogy [51]. In this 
study, the students went through all the five phases in their first learning session to assist them to advance from 
first level of geometric thinking, visualisation to the second level of geometric thinking. The students then went 
through the same phases to assist them to advance from the second level of geometric thinking, analysis to the the 
third level of geometric thinking, informal deduction. This also demonstrates the importance of structured 
learning that challenges students to think, which helps them to advance in learning from certain easy concepts to 
more difficult ones. Van Hiele [51] stated that student improvement from one level of geometric thinking to a 
higher level is a process carried out by the students themselves. It is in part a natural process, but it is greatly 
influenced by the teaching and learning process [46]. 
of geomtetric thinking for students. Among the elements are the hands-on activities, the use of GSP software as a 
teaching implementation medium, idea sharing between teachers and peers, and other activities that allow 
students to solve open-ended questions freely. The study combines elements of hands-on activities and the 
implementation and integration of technology, with both elements being interconnected. The use of GSP software 
utilised to draw quadrilaterals. Drawing quadrilaterals are an activity found in the first level of geometric 
thinking, visualisation. For the second level of geometric thinking, the GSP software was utilised to analyse the 
properties of certain quadrilaterals. For example, by manipulating the quadrilaterals with the GSP software, 
students were able to see a lot of examples of quadrilaterals, and they were able to find that the lengths of all the 
sides of a square are same. They were also able to learn other properties of a square by using the same method. 
After the students had observed the pattern in the obtained data, they were able to form conjectures about the 
characteristics to be found in a square. 
With the advantages inherent in the GSP software, the learning processes of students become much easier. 
Tay [35]
study on the use of dynamic geometry so
geometric thinking, is in accordance with the studies done by [31,39,52-55]. The GSP approach is parallel to a 
study done by Van Hiele, in which according to them, the main aim of GSP software is to improve the level of 
geometric thinking up to the third level [52]. According to Santos-Trigo [55], the active use of visualisation 
level of symbolization to the more abstract deductive level. 
[46]. In this study, the students shared their idea and opinion when they were at the information, explicitation, 
and integration phases. Van Hiele [51], as cited in Crowley [38], states that discussion is the most important part 
of the teaching and learning process, for without new vocabulary learnt the advancement from one level of 
geometric thinking to a higher level will not take place. According to Noraini [56], effective learning takes place 
when students actively involved themselves in the learning process and become actively involved in discussion 
and reflection, while using their own language throughout the learning period. According to Mason [46], the 
language used in the discussion and idea-sharing session plays plays an important role in the learning process. 
Each level of thinking has its own language. Concepts that are dicussed verbally are the important aspects in the 
information, explicitation, and integration phases. Students explain and reorganise their ideas better by talking 
about the concepts being dealt with. 
 might profitably be used in 
organising the contents and in implementing the activities related to the learning geometry. The elements 
contained in the phase-based learning can bring 
geometric thinking. 
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Appendix A 
 
Recognition or visualization. Students identify shapes and other geometric configurations according to their appearance. 
 
 The students identify instances of quadrilaterals by its appearance as a whole. 
 The students names or labels quadrilaterals and other geometric configurations and use standard or nonstandard names 
appropriately. 
 The students can construct, draw, or copy a quadrilateral. 
 The students verbally describe quadrilaterals by their appearance as whole. 
 The students compare and sort quadrilaterals on the visual basis as a whole. 
 When the students sort quadrilaterals, they include imprecise visual information and irrelevant attributes while omitting relevant 
attributes. 
 The students do not consider the components or properties of quadrilaterals in order to identify or to name a quadrilateral. 
 The students are not able to formulate formal definitions of each type of quadrilaterals. The only definitions they can formulate 
consist of descriptions of physical attributes of the quadrilaterals. 
 
The students analyze figure in terms of their components and relationships between components, establishes properties of a class of figures 
empirically, and uses properties to solve problems. 
 
 The students identify the components of quadrilaterals. 
 The students recalls and uses appropriate vocabulary for components and relationships. 
 The students compare two shapes according to relationships among their components. 
 The students sort quadrilaterals in different ways according to certain properties, including a sort of all instances of a class from 
non-instances. 
 The students intepret and use verbal description of a figure in terms of its properties and use the properties to draw or construct the 
figure. 
 The students discover properties of specific quadrilaterals empirically and generalize properties for that class of quadrilaterals. 
 The students describe a class of figures by means of their properties. 
 The students identify which properties used to characterize one class of figures also apply to another class of figures and compares 
classes of figures according to their properties. 
 The students are not able to logically relate the properties to each other. 
 The students cannot logically classify quadrilaterals. They cannot explain subclass relationships. 
 
The students  recognize subclass relationships between different types of quadrilaterals, formulate and use defintions, and give informal 
arguments that order previously discovered properties. 
 
 The students identify different sets of properties that characterize a class of figures. 
 The students identify minimum sets of properties that can characterize a figure. 
 The students are able to formulate and use definitions for a class of quadrilaterals. 
 The students are able to accept and identify non-equivalent definitions of the same figures. 
 The students are able to logically classify quadrilaterals. 
 The students are able to provide informal arguments. 
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Appendix B 
 
The descriptions of each type of answer 
 
Type 0. No reply or answer that cannot be codified. 
 
Type 1. Answers that indicate that the learner has not attained a given level but that give no information about any lower level. 
 
Type 2. Wrong and insufficiently worked out answers that give some indication of a given level of reasoning; answers that contain incorrect 
and reduced explanations, reasoning processes, or results. 
 
Type 3. Correct but insufficiently worked out answers that give some indication of a given level of reasoning; answers that contain very few 
explanations, inchoate reasoning processes, or very incomplete results. 
 
Type 4. Correct or incorrect answers that clearly reflect characteristic features of two consecutive van Hiele levels and that contain clear 
reasoning processes and sufficient justifications.  
 
Type 5. Incorrect answers that clearly reflect a level of reasoning; answers that present reasoning processes that are complete but incorrect or 
answers that present correct reasoning processes that do not lead to the solution of the stated problem. 
 
Type 6. Correct answers that clearly reflect a given level of reasoning but that are incomplete or insufficiently justified 
 
Type 7. Correct, complete and sufficiently justified answers that clearly reflect a given level of reasoning. 
 
Appendix C 
 
Weights of different types of answers (Gutierrez et al. (1991)) 
 
Type 0 1 2 3 4 5 6 7 
Weight 0 0 20 25 50 75 80 100 
 
 
 
